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Abstract
Leu-7 positive lymphocytes, including natural killer cells, play an important role in the im-
mune system’s surveillance function to prevent the development of cancer. The incidence of lung
cancer is significantly high in patients with end-stage pulmonary fibrosis. We hypothesized that
the number of Leu-7 positive cells may be decreased in areas of severe pulmonary fibrosis. To
demonstrate this, Leu-7 positive cells were immunohistochemically stained in 41 lung specimens
obtained from patients with idiopathic pulmonary fibrosis and pulmonary fibrosis associated with
collagen vascular disorders. The number of Leu-7 positive cells was evaluated according to the
pathological findings. In pathologically normal lung, Leu-7 positive cells were mostly found
within the capillaries of the septa and rarely in the alveolar space or the stroma. The number of
Leu-7 positive cells was 0.69 +/- 0.15 in areas of advanced fibrosis (n = 41), 2.39 +/- 0.60 in areas
that had newly developeing fibrosis (n = 41), 1.14 +/- 0.57 in bronchiolitis obliterans organizing
pneumonia (n = 9), and 1.35 +/- 0.87 in diffuse alveolar damage (DAD) (n = 11). The number of
Leu-7 positive cells in areas of newly developing fibrosis (2.39 +/- 0.60) was significantly higher
than that in areas of established fibrosis (0.69 +/- 0.15, P < 0.05). Our present study demonstrates
a significant decrease in the number of Leu-7 positive cells in areas of advanced fibrosis. This
evidence may partly explain the high incidence of lung cancer associated with pulmonary fibrosis.
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Leu-7positivelymphocytes,includingnaturalkilercels,playanimportantroleintheimmune
system’ssurveilancefunctiontopreventthedevelopmentofcancer.Theincidenceoflungcancer
issigniﬁcantlyhighinpatientswithend-stagepulmonaryﬁbrosis.Wehypothesizedthatthenumber
ofLeu-7positivecelsmaybedecreasedinareasofseverepulmonaryﬁbrosis.Todemonstratethis,
Leu-7positivecelswereimmunohistochemicalystainedin41lungspecimensobtainedfrompatients
withidiopathicpulmonaryﬁbrosisandpulmonaryﬁbrosisassociatedwithcolagenvasculardis-
orders.ThenumberofLeu-7positivecelswasevaluatedaccordingtothepathologicalﬁndings.In
pathologicalynormallung,Leu-7positivecelsweremostlyfoundwithinthecapilariesofthesepta
andrarelyinthealveolarspaceorthestroma.ThenumberofLeu-7positivecelswas0.69±0.15in
areasofadvancedﬁbrosis(n＝41),2.39±0.60inareasthathadnewlydevelopeingﬁbrosis(n＝41),
1.14±0.57inbronchiolitisobliteransorganizingpneumonia(n＝9),and1.35±0.87indi?use
alveolardamage(DAD)(n＝11).ThenumberofLeu-7positivecelsinareasofnewlydeveloping
ﬁbrosis(2.39±0.60)wassigniﬁcantlyhigherthanthatinareasofestablishedﬁbrosis(0.69±0.15,
＜0.05).OurpresentstudydemonstratesasigniﬁcantdecreaseinthenumberofLeu-7positivecels
inareasofadvancedﬁbrosis.Thisevidencemaypartlyexplainthehighincidenceoflungcancer
associatedwithpulmonaryﬁbrosis.
Keywords:Leu-7positivecels,naturalkilercels,idiopathicpulmonaryﬁbrosis,lungcancer
T heanti-Leu-7antibodyreactswithCD57-positivelymphocytes, including large granular
lymphocytes:showingnaturalkiler(NK)activityinthe
peripheralblood［1］.CD-57positivecelsaredetectedin
thenormalpulmonarytissuesofrats［2,3］.Recently,
wedemonstratedthatthenumberofLeu-7-positivecels
decreasedinthelungincasesinvolvingemphysematous
bulaorsubpleuralbleb;theresultssuggestedthata
weaknessinlocalimmunesystem’ssurveilancefunction
isrelatedtoahighincidenceoflungcancerassociated
withbulousdiseases［4］.
Severalconditionsresultinginchronicinterstitial
ﬁbrosisofthelungsareassociatedwithalaterdevelop-
mentofcancer［5-10］.Suchconditionsincludeidiopath-
icpulmonaryﬁbrosis(IPF),pulmonaryﬁbrosisassociat-
edwithprogressivesystemicsclerosis(PSS),andpulmo-
naryﬁbrosisinpatientswithrheumatoidarthritis(RA)
［5-10］.Ithasbeenreportedthattheincidenceoflung
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cancerinpatientswithchronicinterstitialﬁbrosisvaries
from9.8to17 ［8,10］.Inaddition,manyreports
havedocumentedtheassociationoflungcancerwithIPF,
especialyinareasofadvancedﬁbrosis［11-14］.In
addition,RaeburnandSpencerhavereportedobservinga
relationshipbetweenthesiteofmanyperipherallung
cancersandareasofpreviousscarring(lungscarcancers)
［11］.
However,theprecisepropertiesofﬁbrosisthathypo-
theticalycanleadtothedevelopmentofcarcinomaare
unknown.Consideringthesepreviousstudies,weim-
munohistochemicalyevaluatedthedistributionandnum-
berofLeu-7-positivecelsinsamplesoftissuefrom
patientswithpulmonaryﬁbrosisfromtheviewpointofthe
localimmunesurveilancesystem.
MaterialsandMethods
Forty-one lung specimens were
obtainedfrom13patientshistologicalydiagnosedwith
IPF(usualinterstitialpneumonia［UIP］).Themedian
agewas74andtherewere4femalesand9males.Seven
sampleswereobtainedbyopenlungbiopsyand6were
obtainedbyautopsy.Fifteenpatientswithpulmonary
ﬁbrosisassociatedwithRAwereincluded(medianage,
70;6femalesand9males;6sampleswereobtainedby
openlungbiopsyand9byautopsy).Sixpatientswith
pulmonaryﬁbrosisassociatedwithdermatomyositis(DM)
wereincluded(medianage,50;5femalesand1male;3
sampleswereobtainedbyopenlungbiopsyand3by
autopsy).Sevenpatientswithpulmonaryﬁbrosisas-
sociatedwithPSSwereincluded(medianage,56;6
femalesand1male;3sampleswereobtainedbyopen
lungbiopsyand4byautopsy).Intotal,19lungspeci-
menswereobtainedbyopenlungbiopsy,and22were
obtainedbyautopsy.Asacontrol,wealsoevaluated10
autopsiedcasesthatshowednohistoryorevidenceof
pulmonaryﬁbrosis(medianage,62;3femalesand7
males).
The pathological
ﬁndingswereclassiﬁedintooneoffourcategories:i)
advancedﬁbrosis,i)newlydevelopingﬁbrosis,ii)
bronchiolitisobliteransorganizingpneumonia(BOOP)
patern,andiv)di?usealveolardamage(DAD)patern.
Advancedﬁbrosiswasdeﬁnedasareasshowingsevere
structuraldestruction,increasedcolagenwithpartial
hyalinization,nomyoﬁbroblasts,andlessinﬂammatory
celinﬁltration.Newlydevelopingﬁbrosiswasdeﬁnedas
areasshowingmildunclear:comparisonisnotexplicit.
lessstructuraldestruction,mixoidchange,mildcolagen
increase, some myoﬁbroblasts, and abundant
inﬂammatorycelinﬁltration.
Three-micrometer-
thicksectionsweredepara?nizedinlemosol,dehydrated,
andplacedinmethanolcontaining5 hydrogenperoxide
for5minatroomtemperature.Sampleswereincubated
withgoatserumfor10min.Subsequently,incubation
withmonoclonalantibodytoLeu-7antigen(Becton-
Dickinson,1:30dilution)wascarriedoutfor60minat
roomtemperature.Theslideswerethenwashedand
incubatedwithbiotinylatedgoatanti-mouseimmuno-
globulinantibody,andincubatedwithavidin-biotin-
peroxidasecomplexfor8minusingaDAKOLSABKit.
Afterwards,chromogen3,3-diaminobenzidinetetrahy-
drochloridewasappliedfor3minandcounterstainingwas
carriedoutwithMayer’shematoxylinfor10sec.Positive
celswerecountedandthedatawerewaspresentedasan
averagenumberin100high-power(×200)ﬁelds.
Resultsareexpressedas
meanvalues±standarderrorofthemean.Comparisons
ofvaluesbetweengroupswereanalyzedwiththeMann-
WhitneyUtest.Comparisonbetweennewlydeveloping
andadvancedﬁbrosisinthesamespecimenswereana-
lyzedwiththeWilcoxonsigned-rankstest.APvalueof
lessthan0.05wasconsideredtobesigniﬁcant.
Results
Innon-a?ectedareasoflungthatappearedpatho-
logicalynormalareasoflung,Leu-7positivecelswere
mostlyfoundwithinthecapilariesofthesepta,butrarely
inthealveolarspaceorthestroma(Fig.1).Inthe
capilaries,thesecelswereatachedtotheendothelial
cels.Positivereactionoftheplasmamembranewas
lackedatthesiteswhereLeu-7positivecelswere
atachedtotheendothelialcels.
Insamplesfrompatientswithinterstitiallungdiseases,
freeLeu-7positivecelswerealsoobservedinthealveolar
spaces,withinareasofﬁbrosis,andinvessels.In
addition,thedistributionofLeu-7positivecelswasless
uniformina?ectedareasofthelungthanintheapparently
normalpartsofthelung.Interestingly,few Leu-7
positivecelswereobservedinareasofadvancedﬁbrosis
(Fig.2).Incontrast,arelativelyhighnumberofLeu-7
positivecelswasobservedinthecapilary,inthealveolar
space,andinthestromainareasofnewlydeveloping
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ﬁbrosis(Fig.3A);sometimessuchcelswereobserved
inacluster(Fig.3B).Leu-7positivecelswerealso
frequentlyobservedinlymphoidfolicles,especialyin
casesofrheumatoidarthritis(datanotshown).However,
weexcludedtheselatercelsfromthedataanalysis.
Inareasofadvancedﬁbrosis,thenumberofLeu-7
positivecelswas0.76±0.26inUIP(n＝13),0.71±
0.26inRA(n＝15),0.21±0.09inDM(n＝6),and
0.96±0.42inPSS(n＝7),respectively(Fig.4).No
signiﬁcantdi?erenceswereobservedbetweengroups.In
normallungtissue,Leu-7positivecelswereobserved
onlyinthealveolarsepta(0.58±0.28).
Inareasofnewlydevelopingﬁbrosis,thenumberof
Leu-7positivecelswas3.80±1.52inUIP(n＝13),
1.85±0.77inRA(n＝15),0.57±0.25inDM(n＝6),
and2.52±1.11inPSS(n＝7),(Fig.5).Nosigniﬁcant
di?erenceswereobservedbetweengroups.
Ineachcase,thenumberofLeu-7positivecelswas
Leu-7PositiveCelsinPulmonaryFibrosisApril2002
A B
Fig.3 A,arelativelyhighnumberofLeu-7-positivecels(arrows)areobservedinareasinvolvingnewlydevelopingﬁbrosisinapatient
withusualinterstitialpneumonia.Avidin-biotinperoxidasecomplexmethod(×430).B,theseLeu-7-positivecelswerepresentinsporadic
clustersinareasofnewlydevelopingﬁbrosisinapatientwithrheumatoidarthritis.Avidin-biotinperoxidasecomplexmethod(×860).
Fig.2 FewLeu-7-positivecels(arrows)areobservedinareasof
advancedﬁbrosisinapatientwithusualinterstitialpneumonia.
Avidin-biotinperoxidasecomplexmethod(×430).
Fig.1 MostoftheLeu-7-positivecelsinapparentlynormalareas
ofadiseasedlungaredetectedinthecapilariesandalsointhe
alveolarspace(arrows)inapatientwithrheumatoidarthritis.Avidin-
biotinperoxidasecomplexmethod(×860).
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evaluatedaccordingtothepathologicalﬁndings.The
numberofLeu-7positivecelswas0.69±0.15inareasof
advancedﬁbrosis(n＝41),2.39±0.60inareasofnewly
developingﬁbrosis(n＝41),1.14±0.57incaseswith
theBOOPpatern(n＝9;5patientswithRA,3DM,
and1PSS),and1.35±0.87incaseswiththeDAD
patern(n＝11;4frompatientswithUIP,4RA,2
DM,and1PSS)(Fig.6).ThenumberofLeu-7-
positivecelsinareasofnewlydevelopingﬁbrosis(2.39±
0.60)wasrelativelyhighcomparedwiththatinareasof
advancedﬁbrosis(0.69±0.15,Fig.6).Inal41lung
tissuesamples,itwaspossibletoevaluatethenumberof
Leu-7positivecelsinareasofadvancedﬁbrosisand
newlydevelopingﬁbrosisinthesametissuespecimen.
ThenumberofLeu-7-positivecelsinareasofadvanced
ﬁbrosiswassigniﬁcantlylowerthanthatinareasofnewly
developingﬁbrosis(P＜0.001,Wilcoxonsigned-ranks
test,Fig.6).IntheareasdemonstratingbothDADand
BOOPpaterns,thenumberofLeu-7positivecelswas
relativelylow.Inaddition,Leu-7positivecelswere
distributedmostlyamongthea?ectedareasintissue
showingadvancedﬁbrosis,theDADpatern,andthe
BOOPpatern.
WealsoseparatelyevaluatedLeu-7positivecelsin
areasofnewlydevelopingﬁbrosisandinareasof
advancedﬁbrosisinpatientswithUIPandinpatientswith
pulmonaryﬁbrosisassociatedwithcolagenvascular
diseases.In13patientswithUIP,thenumberof
Leu-7-positivecelsinareasofadvancedﬁbrosis(0.76±
0.26)wassigniﬁcantlylowerthanthatinareasofnewly
developingﬁbrosis(3.80±1.52,P＜0.05,Wilcoxon
signed-rankstest).In28patientswithpulmonaryﬁbrosis
associatedwithcolagenvasculardiseases,thenumberof
Fig.6 ThenumberofLeu-7positivecelsaccordingtothehis-
tologicalﬁndings.Histologicalﬁndingsareclassiﬁedasfolows:
advancedﬁbrosis,newlydevelopingﬁbrosis,BOOPpatern,and
DADpatern.ThenumberofLeu-7-positivecelsinareasofadvanced
ﬁbrosisissigniﬁcantlylowerthanthatinareasofnewlydeveloping
ﬁbrosis(P＜0.001).
Fig.4 ThenumberofLeu-7positivecelsinareasofadvanced
ﬁbrosisinlungspecimensobtainedfrompatientswithidiopathic
pulmonary ﬁbrosis (IPF), pulmonary ﬁbrosis associated with
rheumatoidarthritis(RA),progressivesystemicsclerosis(PSS),and
dermatomyositis(DM).Abarrepresentsmean±standarderror.
Therewerenosigniﬁcantdi?erencesbetweengroups.
Fig.5 ThenumberofLeu-7positivecelsinareasofnewly
developingﬁbrosisinlungspecimensobtainedfrompatientswith
idiopathicpulmonaryﬁbrosis(IPF),pulmonaryﬁbrosisassociated
withrheumatoidarthritis(RA),progressivesystemicsclerosis(PSS),
anddermatomyositis(DM).Abarrepresentsmean±standarderror.
Therewerenosigniﬁcantdi?erencesbetweengroups.
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Leu-7positivecelsinareasofadvancedﬁbrosis(0.66±
0.18)wasalsosigniﬁcantlylowerthanthatobservedin
areasofnewlydevelopingﬁbrosis(1.74±0.50,P＜
0.001,Wilcoxonsigned-rankstest).
In22autopsiedlungtissues,itwaspossibleto
evaluatenumberofLeu-7-positivecelsinareasof
advancedﬁbrosis,inareasofnewlydevelopingﬁbrosis,
andinareasofrelativelynormalalveoliinthesamelung
(Fig.7).ThenumberofLeu-7positivecelsinareasof
newlydevelopingﬁbrosis(2.74±0.94)wassigniﬁcantly
higherthanthatinareasofoldﬁbrosis(0.77±0.23,
P＜0.01,Wilcoxonsigned-rankstest)andthanthatin
areasofrelativelynormallung(0.98±0.24,P＜0.01,
Wilcoxonsigned-rankstest).Therewasnosigniﬁcant
di?erenceinthenumberofLeu-7-positivecelsobserved
inareasofadvancedﬁbrosisandinareasofrelatively
normalalveoli.Inareasofrelativelynormalalveoli,
Leu-7-positivecelsweretypicalyfoundwithinthecapil-
lariesofthesepta.Incontrast,inareasinvolving
advancedﬁbrosis,Leu-7-positivecelswereonlydis-
tributedwithinareasofﬁbrosis.Inareasofnewly
developingﬁbrosis,arelativelyhighnumberofLeu-7-
positivecelswasobservedinthecapilary,inthealveolar
space,andinthestroma.
Discussion
Inthepresentstudy,wepresentthedistributionand
numberofLeu-7-positivecelsobservedinlungsamples
frompatientswithpulmonaryﬁbrosis.Wedemonstrate
thatthenumberofLeu-7-positivecelsinareasof
advancedﬁbrosiswassigniﬁcantlylowerthanthatinareas
ofnewlydevelopingﬁbrosis.
Severalconditionsresultinginchronicinterstitial
ﬁbrosisofthelungs,suchasIPFandpulmonaryﬁbrosis
associatedwithcolagenvasculardiseases,arecompli-
catedwiththedevelopmentoflungcancer［5-10］.Many
reportshavedocumentedtheassociationoflungcancer
withIPF［5-15］.Nagaietal.havereportedthatmost
tumors(87.9 )in31patientswithlungcancerassociated
withIPF,includingsquamouscelcarcinomahavebeen
observedintheperipheralregionofthelung［14］.In
addition,accordingtoMizushimaetal.,inpatientswith
multiplelungcancersorsinglelungcancerassociatedwith
IPF,mosttumorswereobservedintheperipheral
regionsofthelung(98 inpatientswithmultiplelung
cancersand91 inpatientswithsinglelungcancer)
［13］.Furthermore,Haddadetal.havereportedthat
areasofatypicalepithelialproliferationwereseeninthe
terminalairspacesin8casesofidiopathicdi?useinter-
stitialpulmonaryﬁbrosis;inthreeofthesecases,lung
cancerhaddevelopedinthebedofanadvancedﬁbrosis
［12］.Leeetal.havealsoreportedthatlungcancer
developedmostly(65.6 )intheperipheralportionofthe
lung,whereadvancedﬁbrosispredominated［15］.They
alsosuggestedthattheoccurrenceoflungcanceris
relatedtodi?useﬁbrosisofthelung［15］.
Theprecisepropertiesofﬁbrosisthathypotheticaly
leadtothedevelopmentofacarcinomaareunknown.
Manyfactorsareinvolvedinthedevelopmentoflung
cancerinpatientswithpulmonaryﬁbrosis.Onepossibil-
itythathasbeensuggestedisthatscarringcauseslym-
phaticobstruction,resultinginalocalincreaseinpoten-
tialycarcinogenicparticulatematerial［15］.However,
therehavebeennoreportsevaluatinglocalimmune
surveilanceinpatientswithpulmonaryﬁbrosis.
Anti-Leu-7antibodyreactswithCD57-positivecels,
includinglargegranularlymphocytesresponsibleformost
NKactivity［1］andNKcelsarethoughttoplayan
importantroleinthedefenseagainstcancer［1,3］.In
additiontotheirwel-describedcytotoxicitywithrespectto
anumberoftumorcels［16］,NKcelsexertanumber
ofotherimportante?ectsoncel-mediatedimmune
Fig.7 ThenumberofLeu-7-positivecelsinareasofadvanced
ﬁbrosis,inareasofnewlydevelopingﬁbrosis,andinareasof
relativelynormalalveoliin22autopsiedlungsamples.Thenumber
ofLeu-7-positivecelsinareasofnewlydevelopingﬁbrosisis
signiﬁcantlyhigherthanthatinareasofadvancedﬁbrosisandthan
thatinareasofrelativelynormallung(P＜0.01).
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responses［17-20］.Forexample,celswithanNK
phenotypehavebeenshowntoexertimmunosuppressive
actionsinvivoandinvitro［18,19］.Interestingly,ithas
beendemonstratedthatdendriticcelsexpressingantigens
arerapidlylysedbyNKcels［19］.Thesepropertiesare
likelytoplayanimportantroleintheprogressionofan
inﬂammatoryresponse,especialyinthelung,whichisan
organthatexpressesahighlevelofNKcelactivity［20］.
DenishasreportedthatlungNKcelsexertasuppres-
siveinﬂuenceonthedevelopmentofcelularinﬁltratesand
tissuedamagingreactionsthatoccurafterinstilationwith
thethermophilicactinomyceteFaenirectivirgula［17］.
Thesamestudyalsosuggestedthatthise?ectwaseither
theresultofthesuppressiveactivityofNKcels,orelse
itcouldhaveresultedfromeitherNKcelabilitytolyse
actinomycete-laden macrophages, thereby preventing
thesecelsfromsecretingsustainedmonokinelevelsthat
would otherwise be expected to enhance the
granulomatousreaction［17］.
However,therehavebeenfewreportswhichhave
evaluatedLeu-7celsincasesinvolvinginterstitiallung
disease［21,22］.Ishidaetal.reportedthatthenumber
ofLeu-7-positivecelsinperipheralbloodisincreasedin
casesofinterstitiallungdiseaseassociatedwithSjogren’s
syndrome［21］.Inaddition,Costabeletal.have
reportedthatthenumberofLeu-7-positivecelswas
increasedinbronchoalveolarlavageﬂuidascomparedto
thatinacontrolgroup,inastudyofasbestosisandmixed
dustpneumoconiosis［22］.However,thedistributionof
Leu-7-positivecelsinthelungtissueswasnotstudiedin
thosereports.
Inthepresentstudy,thedistributionandnumberof
humanLeu-7-positivecelswasevaluated.Wedemon-
stratedthatLeu-7-positivecelsweresigniﬁcantlyde-
creasedinareasofadvancedﬁbrosis.Inaddition,
althoughLeu-7-positivecelsweremostlyfoundwithin
thecapilariesoftheseptainuna?ectedareasoflung,
Leu-7-positivecelsweredistributedonlyamongthe
a?ectedareasinareasofadvancedﬁbrosis,andinareas
demonstratingtheDADorBOOPpaterns.SinceNK
celsinthelungarebelievedtoplayanimmunosuppres-
siverole［17-19］,itcanbespeculatedthatLeu-7-
positivecelsdetachfromcapilariesandinﬁltrateinto
ﬁbroticareasinordertoplayaroleinthelocalimmune
system’ssurveilancefunction,therebyinﬂuencingthe
pathogenesisofﬁbroticlungdiseases.
Inaddition,itissupposedthatLeu-7-positivecels
atachedtotheendotheliumcandirectlyatackabnormal
epithelialcels,becauseepithelialcelsexistverycloselyto
capilaries.Sincelungcancerappearstobemorelikelyto
developinbedsofadvancedﬁbrosis［11］,thisweakness
inthelocalimmunesystem’ssurveilancefunctionmight
berelatedtotheoccurrenceoflungcancer.
Inconclusion,ourpresentstudydemonstratesa
signiﬁcantdecreaseinthenumberofLeu-7-positivecels
inareasofadvancedﬁbrosis.Abnormalitiesinvolving
bothnumberanddistributionofLeu-7-positivecelscould
berelatedtotheimmunesystem’ssurveilancefunctionof
alveoliininterstitiallungdiseases.
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